We have installed MIEZE (Modulated IntEnsity by Zero Effort) spectrometer to the C3-1-2-2(MINE1) port at JRR-3M. In the MIEZE spectrometer a sample is placed after the analyzer. Thus the contrast of MIEZE signal can be observed without reduction even in the case of magnetic scattering where the signal for NSE (Neutron Spin Echo) and NRSE (Neutron Resonance Spin Echo) instruments would be less than half. MIEZE signal is sensitive for dispersion of neutron trajectories from sample to detector. In other words MIEZE signal is reduced due to the dispersion alone even without in-and quasi-elastic scattering. We studied the correlation between experimental configuration and its resolution function using Monte Carlo simulation. We prepared a magnetite ferrofluid sample with a typical particle diameter of 84Å, and examined the simulation model by experiments.
Introduction

MIEZE (Modulated IntEnsity by Zero Effort) is a variant of a Neutron Resonance Spin
Echo (NRSE) spectrometer [1, 2] . We have developed a MIEZE spectrometer at C3-1-2-2(MINE1) port JRR-3M in order to install it to the high flux pulsed neutron source at J-PARC [3] in the near future. We succeeded in observing the MIEZE signal with effective frequency of 1 MHz [4, 5] . In the MIEZE spectrometer the sample is placed after the analyzer and there are no optical components between sample and detector. Therefore the MIEZE technique can be applied to SANS (Small Angle Neutron Scattering) [6] and neutron reflectometry [7] . When we measure Neutron Spin Echo (NSE) and NRSE signals on paramagnetic and ferromagnetic samples the maximum contrast is reduced to 0.5 or less [8] . On the other hand the contrast of a MIEZE signal can be observed with almost 100 % contrast(1) even in magnetic scattering [9] because the sample is placed after the analyzer. The energy resolution of a MIEZE spectrometer is a function of the so called Fourier time like for NSE and NRSE spectrometers. The MIEZE-Fourier time τ is described as, τ = 2 ω s L sd mv 3 , where ω s is the frequency of oscillating field in RSF (Resonance Spin Flipper), L sd is the path length between sample and detector, v is the neutron velocity, m is the mass of neutron, is the reduced Planck's constant. The Fourier time is proportional to ω s and L sd . MIEZE signal becomes more sensitive for dispersion of L sd with higher frequencies ω s . When we consider the instrumental resolution function for NSE and NRSE at high resolution, the main object is to estimate the inhomogeneity of the precession fields. In case of MIEZE we have to consider the dispersion of path length L sd with sample. The dispersion depends on experimental arrangements. Indeed, the dispersion effect is negligible for most measurements when we use reflectometry geometry [7] . When we use a transmission geometry like a SANS, the effect is not small. We calculated the resolution function for transmission geometry by using Monte Carlo (MC) simulation and prepared magnetite ferrofluid as a sample.
We aim to investigate dynamical structure-changes of the magnetite ferrofluid by using the MIEZE spectrometer. The ferrofluid consists of magnetite particles and solvent (heavy water). The magnetite particles with a diameter in the order of 100Å are coated by oleic acid. We expect that there are two kind of dynamic modes in ferrofluid. One is diffusion of magnetite particles and the other is relaxation of superparamagnetism. The both dynamic modes depend on the magnetite particle size. The relaxation of the particle diffusion with the diameter 100Å is reported to be over 2 ns [10] but that of superparamagnetism is estimated to be the order of 0.1 ns with a particle diameter of 85Å at room temperature. In this experiment the Fourier time is restricted from 0.3 to 1.6 ns. Thus we prepared ferrofluid sample in which particle size as small as possible by using a centrifugal separator. In this paper main purpose is to examine the MIEZE instrumental resolution function by comparing experimental results.
MC simulation of MIEZE signal
Simulation method
A top view and energy diagram of neutron spin states of the MIEZE spectrometer which was installed in C3-1-2-2, MINE1 port is shown in figure 1 . A MIEZE signal is observed and a position sensitive photomultiplier of 5" in diameter [11] .
as a function of the phase difference between two energy states. The net phase difference between two energy states at the detector is given by
where t d is the time at detector, L 12 is the length of the flight paths between first and second bootstrap coil, L 2s between second bootstrap, coil and sample position and L sd between sample position and detector, respectively. The δL sd is path length dispersion between sample and detector which appeared from scattering by sample. When a spinecho condition on MIEZE which is written as L 12 = L 2s + L sd is fulfilled, the net phase is given by
Neutron intensity I d is modulated as a function of t d ,
The contrast C which is observed on MIEZE spectrometer is given by
where ω is the energy transfer of neutrons caused by quasielastic scattering. A schematic diagram of a δL sd calculation is shown in figure 2 . The sample size in horizontal, vertical 
L sd0 is the path lengths for incident neutrons without scattering by the sample. The path lengths for neutrons scattered by the sample are L sd1 and L sd2 . The L sd1 is for scattering angle θ = 0 and the L sd2 is for θ = 0. The sample position (x s , y s , z s ) and detector positions (x d0 , y d0 , z d0 ) and (x d1 , y d1 , z d1 ) are given by random numbers, respectively. When the scattering angle of θ = 0, detector is at the direction of 2θ and the coordinates (x d2 , y d2 , z d2 ) on detector are calculated by using rotation matrix as follows,
= cos 2θ − sin 2θ sin 2θ cos 2θ
Then δL sd is calculated by
(12) When we think about only elastic scattering, C M IEZE (t = 0) is given by
where i and N are each and total number of neutron detected in the detector volume dV , respectively. We can observe C M IEZE (t = 0) = 1 in case of no path dispersion effect(
Simulation of resolution function
The Eq.(13) shows that the phase shift term is proportional to ω s . In present the maximum oscillating frequency ω s of the RSF on MIEZE is 0.5 MHz. However, the RSFs can work at 0.3 MHz with great stability. Therefore, we calculate the C M IEZE (t = 0) with ω s = 0.3 MHz. At first S(Q) is constant as a simple case. Here neutron wavelength λ is 8.1Å, wavelength bandwidth is 17.4 % in full width half maximum and effective thickness of detector is y d = 0.1mm. In the MIEZE at MINE1 port it is expected that C M IEZE (t = 0) is more sensitive to x s than z s since detector angle moves horizontally. z s is set to 20mm at MINE1 port for high neutron intensity. In the MC simulation, z s is set to 20mm as well. Both of x d and z d are set to 15mm. We study the path dispersion effect to C M IEZE (t = 0) caused by sample slit size and sample thickness by changing x s and y s . Parameters are shown in table 1, and the result is shown in figure 3 . This result shows that C M IEZE (t = 0) is very sensitive to x s and not so sensitive to y s in this geometry. Table 4 and 5). 
Experimental results and discussion
Measurement of small angle scattering
We measured small angle scattering by using Neutron Refrectometry (NR) at JRR-3M, C3-1-2-3, MINE2 port in order to determine the particle size. The concentration of magnetite was 5.86 wt% and solvent was D 2 O. The neutron wavelength is 8.8Å and wavelength bandwidth is 2.7 % in full width half maximum. The measurement result of small angle scattering was analyzed by using core shell model. Form factor of core shell model is given by
, r s = r c + t and V i = 4πr
where the r c , V c and ρ c are the radius, volume and scattering length density (SLD) of core, respectively. The t, V s and ρ s are the thickness, volume and SLD of shell, respectively. The ρ solv is the SLD of solvent and the bkg is background. The core and shell correspond to the magnetite particle and oleic acid, respectively. numbers are r c , t and bkg. From this result, the core diameter is 84Å with distribution of 8.7 % in full width half maximum and the shell thickness is 22Å. The background bkg is estimated to be 10.
We calculate the S(Q) for magnetic scattering with SLDs. The magnetic SLD for magnetite particles is calculated theoretically and used for ρ c . Since the magnetic scattering comes only from magnetite particles, we defined t = 0, ρ s = ρ solv = 0 and bkg = 0. We use the r c with distribution of 8.7% which is obtained by the fitting. These parameters are shown in table 5.
The experimental data is the red circle, the fitting result with nuclear SLD is the blue dashed line and the magnetic scattering calculated with parameters shown in table 5 is the green dashed line in figure 6 . The red line in figure 6 is the sum of nuclear scattering (blue dashed line) and magnetic scattering (green dashed line), and this is consistent with the experimental data (red circle). ¿From this result, magnetic scattering is higher than nuclear scattering at Q 0.055Å −1 . ; Experimental data ; Nuclear ; Magnetic ; Nuclear + Magnetic Figure 6 . Red circle, blue dashed line, green dashed line and red line are experimental data, nuclear scattering, magnetic scattering and the sum of nuclear and magnetic scattering, respectively. 
MIEZE experiment
We tried to measure the dynamics of magnetite ferrofluid by using the MIEZE spectrometer. The wavelength is 8.1Å and wavelength bandwidth is 17.4 % in full width half maximum. Experimental parameters are shown in table 6. The result of analysis with z d = 55mm is shown in figure 7 . Experimental data and MC simulation with the core shell model of S(Q) are shown in dots and line, respectively. Red, blue and green correspond to τ = 1.6, 0.8, 0.3ns, respectively. This result shows that the experimental data with large effect of path dispersion caused by the z d = 55mm is reproduced by MC simulation which is calculated with the same parameters as the experimental geometry. We analyzed experimental data with z d = 10mm and the result is shown in figure 8 . This is normalized by C M IEZE (t = 0) of MC simulation with z d = 10mm. Red, blue and green correspond to τ = 1.6, 0.8, 0.3 ns, respectively. In the range of Q 0.055Å −1 , C M IEZE decays in τ = 1.6 ns comparing with other Q range. In the z d = 55mm data, the dynamic effect is suppressed by the error because path dispersion effect is very large, but in the z d = 10mm data, path dispersion effects become small and dynamics effect appears. Q 0.055Å −1 corresponds to the range of strong magnetic scattering as shown in figure 6 . This result shows the possibility of superparamagnetism relaxation. However, the statistical accuracy is poor and we cannot yet conclude the superparamagnetism relaxation contribute to reduce the C M IEZE at Q 0.055Å −1 . It is necessary to extract magnetic scattering only from sum of nuclear and magnetic scattering. We are planning to set an analyzer mirror after the sample position and try to observe relaxation of superparamagnetism. 
Concluding remarks
In the MIEZE spectrometer sample is placed after the analyzer. The contrast of MIEZE signals can be observed without reduction even in the presence of magnetic scattering which we show in this paper on a sample of magnetite ferrofluid in which average diameter is 84Å. The MIEZE signal is sensitive for dispersion of path length between sample and detector. We studied the resolution function of MIEZE spectrometer by using Monte Carlo simulation. It was demonstrated that the sample thickness limit is not severe in case of small angle scattering geometry.
The experimental results were reproduced with the simulation and we estimated instrumental resolution function of the MIEZE spectrometer. It was found that S(Q) for core shell model affect to the C M IEZE (t = 0) with wide detector size.
